Effects of two complex hemodynamic stimulation profiles on hemostatic genes in a vessel-like environment.
Endothelial cells are the main sensors of changes in the biomechanical flow environment and play a pivotal role in vascular homeostasis. An in vitro perfusion model was developed to study the regulatory effect on gene expression by different flow and pressure profiles. Human umbilical vein endothelial cells were grown to confluence inside capillary microslides or silicone tubes. Thereafter, they were exposed to different levels of shear stress or different levels of static or pulsatile pressure. Genes representing various hemostasis functions of the endothelial cells were analyzed. Shear stress was a more effortful stimulus than static or pulsatile tensile stress. Although shear stress affected mRNA expression of all six studied genes (tissue-type plasminogen activator [t-PA], plasminogen activator inhibitor [PAI]-1, Thrombomodulin [TM], urokinase-type plasminogen activator [u-PA], vascular cell adhesion molecule [VCAM-1], and endothelial nitric oxide synthase [eNOS]), none of the genes was found regulated by pressure. Shear stress down-regulated t-PA and VCAM-1 in a dose response-dependent way, and up-regulated TM. u-PA, eNOS, and PAI-1 were up-regulated by shear stress, but there was no obvious dose-response effect for these genes. These findings suggest that shear stress has a more powerful gene regulatory effect on endothelial gene expression than tensile stress. Low shear stress induced a more proatherogenic endothelial surface but preserved t-PA gene expression levels compared to high shear stress.